A substantial loss of deoxyribonucleic acid-thymine occurs during thymine starvation of several thymine auxotrophs derived from Escherichia coli strains B, 15, and K-12.
The integrity of the deoxyribonucleic acid (DNA) of thymine auxotrophs starved for thymine has been studied extensively since Barner and Cohen (2) first described thymineless death in Escherichia coli 15T-. Based on colorimetric determinations of DNA-purine deoxyribose, the stability of previously incorporated radioactivity, or the incorporation of radioactive precursors, it has been concluded that there is no loss or turnover of DNA during thymine starvation of E. coli (2, 3, 9, 11, 13, (16) (17) (18) 21) . However, evidence consistent with the formation of single-strand breaks in the DNA of E. coli during thymine starvation has been reported (7, 20, 22, 27) , whereas other groups find no evidence for single-strand breaks (1, 8, 25) or other physical changes (12, 17, 26) in DNA.
We have observed that incubation of thymine auxotrophs of E. coli in the absence of thymine results in a loss of DNA-thymine (Fig.  1) . Qualitatively similar losses of DNA-thymine were observed with thymine auxotrophs derived from E. coli B (B3, B333), E. coli K-12 [K12(X+)thy-, CR 34(X-)thy-, CR 34(X+)thy-] as well as other derivatives of E. coli 15 (70, 70V3, 70V3 met-, WWU). Paper chromatographic analysis of the acid-soluble fraction indicated that essentially all of the radioactivity was in the free base thymine.
Diphenylamine determinations of the DNAdeoxyribose content of E. coli TAU-bar during 6 hr of thymine starvation established that there was no net loss of DNA during the first 4 hr of thymine starvation (Fig. 1) , at which time 20% of the initial DNA-thymine was solubilized. However, during the first hour of thymine starvation there was a 10% increase in diphenylamine-reacting material, followed after 2 hr by a decrease at a rate of approximately 5% per hour, a value corresponding to the rate at which DNA-thymine is solubilized during the first 3 hr of thymine starvation.
Nonconservative replication of DNA has been observed after thymine starvation of E. coli (20) . These results were interpreted to indicate that thymine starvation as well as other deleterious agents cause specific lesions in the DNA necessitating repair replication to restore the DNA to pretreatment conditions. Several other findings support the proposition that thymine starvation causes or amplifies specific lesions in DNA. Thymine auxotrophs lacking either DNA polymerase I or DNA ligase, enzymes involved in DNA repair, exhibit increased sensitivity to thymineless death (19, 25) . Our findings (Table 1) show that greater amounts of DNA-thymine are solubilized in these mutants and that nutritional conditions which decrease thymineless death are associated with a decrease in the loss of DNAthymine.
A model, consistent with the data presented in this paper, is that single-strand nicks in the DNA and excision in the areas of these nicks that occur normally cannot be repaired effectively during thymine starvation because of the depletion in the deoxythymidine triphosphate pool. Thus, DNA-thymine is observed to be released. During thymine starvation the pool of deoxyuridylate has been observed to increase markedly (10; T. R. Breitman and J. N. Toal, unpublished data), and it is therefore possible that this nucleotide is incorporated into DNA as part of the repair process as well as the normal replication process. The latter incorporation would explain the increase in DNA-purine deoxyribose that occurs during the first hour of thymine starvation (Fig. 1) 5 x 107 cells/ml and 0.051 mM thymine. This culture was grown at 37 C to a concentration of 5 x 108 cells/ml to label the DNA-thymine to a specific activity which was at least 90% of that of the "4C-thymine in the medium.
These exponential-phase cells were harvested on membrane filters, washed at room temperature with medium A, and suspended at a concentration of 5 x 107 cells/ml in tubes containing either complete medium or complete medium minus thymine. Portions (1 ml) from each tube were incubated at 37 C and 400 rev/min. These were removed at timed intervals and cooled to 0 C, and an equal volume of 10%/ trichloroacetic acid was added. After standing at least 10 min, they were filtered on membrane filters. Portions (1 ml) of the filtrates were counted in 10 ml of scintillation fluid (containing two volumes of toluene-phosphor and 1 volume of Triton X-100). The filters were washed and counted as described previously (4) . The release of acid-soluble material was calculated as a percentage of the total amount of acid-insoluble labeled DNA present initially. For the determination of DNA-deoxyribose, cells from an overnight culture were diluted in fresh overnight medium and grown to a final concentration of 1.1 x 10" cells/ml. The cells were harvested by centrifugation, washed twice with cold medium A, and sus- (15, 24) , and the E. coli B strains are not lysogenic for any known phages.
